Previous research showed that a bitter taste in the mouth is able to enhance hostile response tendencies to social rejection. The present event-related potential (ERP) study sought to investigate neuronal components of this effect. We presented 52 participants (39 women and 13 men; mean age = 23.3 years) with images of facial expressions signaling social rejection (angry, disgusted) or no rejection (happy, neural), whereas they either experienced a bitter aftertaste (bitter group [BG]: n = 26) or rinsed their mouth with water (control group [CG]: n = 26). The BG rated the aftertaste as extremely intense and disgusting and showed a decreased parietal P200 to all facial expressions, as well as a lowered parietal P300 to cues of nonrejection. The bitter intervention neither influenced the affective ratings for the images nor self-reported hostility. In conclusion, the ERP findings indicated that bitterness first reduced visual attention to social cues in general (P200) and then specifically to cues of nonrejection (P300). Bitterness was not associated with increased sensitivity to disgust/anger signaled by others neither on a neuronal nor self-report level.
Introduction
Previous research has indicated that bitter taste is able to enhance hostile response tendencies. Sagioglou and Greitemeyer (2014) conducted a series of experiments, which demonstrated that consuming bitter substances (relative to sweet and neutral ones) elicited aggressive affective and behavioral reactions in the participants (e.g., greater tendency to respond with overt aggression in a social provocation situation). The authors speculated that the bitter stimulus was interpreted as a threat signal and therefore increased the motivation to attack others. In line with this interpretation, Chen and Chang (2012) found that bitter taste perceptions activated cognitive concepts of threat. Individuals who tasted a bitter beverage responded faster to survival-related words in a lexical decision task than those who drank water.
Bitterness is an indicator of potential food toxicity (Glendinning 1994) . Many poisons, such as secondary plant metabolites, and rancid fats, do taste bitter. Therefore, the detection of bitterness has an important health-protective function. Bitter taste is an alarm signal which helps to prevent the ingestion of toxic compounds (Meyerhof et al. 2005) . The tasting of bitter substances elicits the typical facial disgust expression characterized by the raising of the upper lip and protrusion of the tongue. This facial display has been interpreted as a vestige of the gag reflex (Rozin and Fallon 1987) . Bitter and, thus, potentially harmful foods should be spat out.
Consistent with the facial disgust response to bitterness, many individuals rate bitter foods as disgusting, although there is great interindividual variability (Schienle et al. 2015) . It has been shown that differences in bitter taste perception and bitter preference are correlated (besides many other factors) with personality traits. Herz (2011) revealed a positive association between bitter sensitivity and disgust proneness (the temporally stable tendency to experience disgust across different situations). Participants who were very sensitive to the bitter-tasting PROP compound (6-n-propylthiouracil) were more prone to disgust than PROP nontasters. Similarly, in a study by Herbert et al. (2014) PROP tasters reported higher disgust proneness toward body products than nontasters. Sagioglou and Greitemeyer (2016) observed positive correlations between bitter preference and antisocial personality traits, including everyday sadism and psychopathy. Thus, there is converging evidence that bitter taste is associated with rejection and/or attack tendencies on a state as well as trait level.
Moreover, disgust is directly associated with social rejection (e.g., Chapman et al. 2009 ). Although the prototypical disgust expression has evolved from an oral rejection response, disgust is not limited to unpleasant-tasting substances. The same facial expression is also shown to food-irrelevant contaminants (e.g., poor hygiene, disease) and even to moral transgressions. Thus, facial displays of disgust have developed to social signals, which index that the behavior of another person or group is considered socially offensive and must be rejected. This in turn leads to automatic selective attention in the observer of the disgust expression, which can also be seen on a neuronal level (Eimer and Holmes 2007) .
In general, the viewing of affective facial expressions relative to neutral ones is associated with increased event-related potential (ERP) amplitudes (e.g., P200, P300, LPP: late positive potential). For example, the P200 (a positive voltage deflection starting around 200 ms after stimulus onset) is an indicator of emotional face registration and initial structural encoding (e.g., Eimer and Holmes 2002; Paulmann and Pell 2009 ). This component also represents higher order perceptual processes, which can be modulated by attention. Especially in multisensory contexts, the P200 indexes sensory gating, a filter mechanism involved in allocation of attention (Mishra and Gazzaley 2012) .
Subsequent components, such as the P300, reflect motivated attention (e.g., Olofsson et al. 2008 ). According to the motivational model of emotion (e.g., Lang and Bradley 2013), survival-relevant stimuli (e.g., food, aggressive faces) draw automatic visual attention. This selective attention is required for conscious perception and accurate discrimination of the affective stimulus, which in turn helps the individual to prepare for appropriate action. This action preparation is reflected by increased arousal in the observer of the affective stimulus. Very consistently, it could be shown that arousal ratings for emotional images are positively correlated with the P300 amplitude (e.g., Schupp et al. 2006; Hajcak et al. 2010) . In line, Eimer and Holmes (2007) identified a consistent pattern of elevated electrocortical positivity to pictures depicting arousing facial expressions of all basic emotions (fear, anger, happiness, sadness, and disgust) compared with neutral faces.
The P300 shows maximal amplitudes across parietal regions and is generated in the visual association cortex as demonstrated by ERP source localization (e.g., Slotnick 2004) . This finding has been validated with functional magnetic resonance imaging (fMRI), which detected increased activation in visual brain regions (occipitoparietal, inferior temporal), when individuals viewed affective pictures (e.g., Sabatinelli et al. 2007) . A second generator of the P300 has been identified in frontal cortex regions (Scharmüller et al. 2011 ). This frontal late positivity can be modulated by altered stimulus appraisal and, therefore, has been considered an indicator of emotion regulation (for a review, see Hajcak et al. 2010) . Accordingly, parietal and frontal P300s have different neuronal sources with different functions.
The aim of the present ERP study was to test whether a bitter taste is able to change the affective processing of visual cues signaling social rejection. The participants were presented with images of affective facial expressions, which either conveyed rejection (anger, disgust) or no rejection (happiness, neutral). The picture viewing was either combined with the tasting of a bitter fluid (wormwood tea) or water. We predicted that the BG (relative to the water group) would experience greater state hostility and would rate rejection expressions as more arousing. The primed hostility by the bitter taste should elicit increased parietal late positivity (P300) to rejection (e.g., Schupp et al. 2006; Hajcak et al. 2010 ). It was also tested whether bitterness would affect the frontal P300. A previous crossmodal ERP study demonstrated that wormwood aftertaste was able to reduce frontal late positivity to images depicting appetizing food (Schwab et al. 2017) . The authors proposed that wormwood altered the appraisal of the visual food cues and reduced their positive affective value.
Materials and methods

Sample
Fifty-two participants (39 women, 13 men) were randomly assigned to one of 2 groups. The BG (n = 26) tasted wormwood tea, whereas the CG (n = 26) received water. The 2 groups did neither differ in sex ratio (χ 2 (1) = 0.10, P = 0.75), mean age (t (50) Exclusion criteria consisted of somatic disease, mental disorders (depression), and medication. The information had been obtained by a board-certified clinical psychologist with a clinical interview. The subjects received course credit for their participation. They were carefully instructed and gave written informed consent. The study was approved by the local ethics committee and complies with the Declaration of Helsinki for Medical Research.
Stimuli and design
Visual stimuli
We administered a total of 240 pictures taken from the Warsaw Set of Emotional Facial Expression Pictures (Olszanowski et al. 2014) . The images showed different facial expressions of the categories "social rejection" (anger, disgust) and "nonrejection" (happy, neutral). Each category consisted of 120 pictures with expressions from 60 men and 60 women. The pictures were presented in random order for 1500 ms preceded by a fixation cross (500-1000 ms) (Figure 1 ). All participants rated the same 8 pictures per category (4 women, 4 men) according to perceived anger, disgust, and happiness as well as experienced arousal on 9-point Likert scales (1 = low intensity). The images had been randomly selected before the experiment.
Fluids
The subjects either tasted wormwood tea or water. The participants took a sip of exactly 20 mL and kept it in their mouth for 30 s until they were allowed to spit it out. A previous study (Schwab et al. 2017) indicated that the bitter taste experience continued for at least 10 min. Thus, there was aftertaste of sufficient duration. The aftertaste was rated according to perceived bitterness, intensity, and disgust on 9-point Likert scales (1 = low). The tea was made with 2 tsp of dried herbal powder per 100 mL of water. The tea steeped for exactly 7 min and then cooled down to room temperature. Wormwood mainly contains absinthin. Its bitterness value is defined as at least 10,000 (Bisset 1994).
Procedure
After completing the questionnaires by means of an online screening, participants were invited to the electroencephalography (EEG) testing. At the laboratory, they were randomly assigned to one of the 2 fluid groups. After the electrode placement, the participants were carefully instructed, they rated their positive (activation, interest) and negative affective state (irritation, hostility) on 9-point Likert scales (1 = low intensity) and completed a test trial. Then, the fluid (bitter tea or water) was tasted, spat out, and the aftertaste was rated. Subsequently, 120 images were shown. Then, during a short break, the aftertaste was rated again, and the fluid was tasted again. The remaining 120 pictures were shown. At the end of the experiment, the affective state and the remaining aftertaste were rated once more. The duration of the EEG experiment was approximately 18 min.
Electrophysiological recordings and data analyses
Data were recorded with a Brain Amp 32 System (32 channel amplifier, Brain Vision Recorder Version 1.2; Brain Products). Ag/AgCl electrodes were placed according to 10-20 systems (Klem et al. 1999 ) using an Easy Cap electrode system (EASYCAP) on 29 positions (FP1, FP2, F7, F3, Fz, F4, F8, FC5, FC1, FC2, FC6, T7, C3, Cz, C4, T8, CP5, CP1, CP2, CP6, P7, P3, Pz, P4, P8, O1, O2, TP9, TP10). Three electrooculography (EOG) electrodes for recording vertical and horizontal eye movement were placed on the epicanthus of each eye and supraorbital of the left eye. The reference electrode was placed on position FCz and the ground electrode on position FPz. The scalp was gently abraded with chloride-free electrolyte gel to keep electrode impedances below 5 kΩ. The sampling rate was 2500 Hz with a passband of 0.016-1000 Hz. For raw data analysis, the Brain Vision Analyzer (Version 2.0.4) was used. The sampling rate was set to 250 Hz. The data were rereferenced to linked mastoids. Artifacts due to eye movements were corrected via the implemented independent component analysis (ICA) ocular correction software. The mean number of rejected ICA components was M = 3.85 (SD = 1.64). Further artifact episodes (e.g., due to mouth movements and swallowing) were excluded after visual inspection (percentage of artifact-free trials: M = 92.90%, SD = 7.00%). The data were segmented in 1700 ms intervals (200 ms prestimulus and 1500 ms poststimulus) and corrected to the 200 ms prestimulus baseline. A 30 Hz low-pass filter was applied. Visual inspection of the grand averages pointed to possible group differences for early and late components (N100, P200, P300). For the statistical analysis, the mean peak amplitude was averaged for the time windows 100-130 ms (N100) and 150-210 ms (P200) as well as 320-380 ms (P300). The mean peak amplitude was aggregated across a frontal (F3, Fz, F4), a central (C3, Cz, C4), and a parietal cluster (P3, Pz, P4) for all time windows separately (according to Schwab et al. 2017) .
Results
Manipulation check: Aftertaste ratings
For the manipulation check, analyses of variance with the betweensubjects factor GROUP (BG vs. CG) and the within-subjects factor TIME (beginning, middle, and end of experiment) were performed to compare the ratings for bitterness, experienced disgust, and intensity of the aftertaste. The significant main effect for GROUP showed that the BG rated the aftertaste as more bitter, disgusting, and intense than the CG at the beginning, in the middle, and at the end of the experiment (bitterness: F(1,50) = 985.71, P < 0.001; disgust: F(1,50) = 251.13, P < 0.001; intensity: F(1,50) = 330.09, P < 0.001; ƞ2p = 0.83-0.95; Figure 2 ). The effect of TIME and the interaction GROUP × TIME were nonsignificant (both Ps > 0.05).
State affect
Analyses of variance with the factors GROUP (BG vs. CG) and TIME (beginning and end of experiment) were performed to compare the ratings for state hostility (h), irritation (ir), activation (a), and interest (in). The mean ratings (M, SD) were as follows: BG: before experiment: h = 1.15 (0.46), ir = 1.31 (0.62), a = 5.65 (2.43), in = 7.85 (1.19); after: h = 1.08 (0.27), ir = 1.42 (1.24), a = 5.50 (2.53), in = 7.42 (1.50); CG: before experiment: h = 1.27 (1.00), ir = 1.35 (0.80), a = 5.42 (2.34), in = 7.62 (1.17); after: h = 1.12 (0.43); ir = 1.46 (1.24), a = 5.54 (2.42), in = 7.50 (1.21).
Only for state interest, there was a significant main effect for TIME (F(1,50) 
Picture ratings
Analyses of variances with the between-subjects factor GROUP (BG vs. CG) and the within-subjects factor FACES (rejection vs. nonrejection) were performed to compare the picture ratings (anger, disgust, happiness, and arousal).
In all analyses, the main effect FACES was significant. Rejection expressions (relative to nonrejection) received higher ratings for anger, disgust, and arousal and lower happiness ratings (ANGER: 
ERP analysis
Analyses of variances with the factors GROUP (BG vs. CG) and FACES (rejection vs. nonrejection) were performed to compare the ERP components (N100, P200, P300) for the different clusters (frontal, central, parietal).
N100
For all clusters, the main and interaction effects were nonsignificant (all Ps > 0.05; Table 1 and Figure 3 ).
P200
Frontal cluster
The significant main effect FACES showed that the P200 amplitude was higher for facial expressions of rejection in comparison to nonrejection (F(1,50) = 69.67, P < 0.001, ƞ2p = 0.58; rejection: M = 0.49, SD = 3.78; nonrejection: M = −0.71, SD = 3.37). The main effect GROUP and the interaction effect were nonsignificant (all Ps > 0.05; Table 1 ).
Central cluster
The significant main effect FACES showed that the P200 amplitude was higher for facial expressions of rejection than nonrejection (F(1,50) = 82.63, P < 0.001, ƞ2p = 0.62; rejection: M = 1.32, SD = 4.00; nonrejection: M = −0.08, SD = 3.62). The main effect GROUP and the interaction effect were nonsignificant (all Ps > 0.05; Table 1 ).
Parietal cluster
The significant main effect FACES showed that the P200 amplitude was higher for facial expressions of social rejection than nonrejection (F(1,50) = 52.01, P < 0.001, ƞ2p = 0.51; rejection: M = 3.29, SD = 4.34; nonrejection: M = 2.01, SD = 3.84). The main effect GROUP indicated that the P200 amplitude was lower in the BG compared with the CG (F(1,50) = 5.34, P = 0.03, ƞ2p = 0.10; BG: M = 1.41, SD = 3.25; CG: M = 3.90, SD = 4.51; Table 1 and Figure 3 ). The interaction effect was nonsignificant (F(1,50) = 1.20, P = 0.28).
P300
Frontal cluster
The significant main effect FACES showed that the P300 amplitude was higher for rejection than nonrejection (F(1,50) = 44.28, P < 0.001, ƞ2p = 0.47; rejection: M = −1.21, SD = 2.93; nonrejection: M = −2.56, SD = 2.72). The main effect GROUP and the interaction effect were nonsignificant (all Ps > 0.05; Table 1 ).
Central cluster
The significant main effect FACES showed that the P300 amplitude was higher for facial expressions of rejection than nonrejection (F(1,50) = 62.05, P < 0.001, ƞ2p = 0.55; rejection: M = −0.95, SD = 3.20; nonrejection: M = −2.50, SD = 2.90). The main effect GROUP and the interaction effect were nonsignificant (all Ps > 0.05; Table 1 ).
Parietal cluster
The main effect FACES and the interaction effect FACES × GROUP were significant (FACES: F(1,50) = 52.14, P < 0.001, ƞ2p = 0.51; rejection: M = 1.86, SD = 3.43; nonrejection: M = 0.43, SD = 3.06; FACES × GROUP: F(1,50) = 4.77, P = 0.03, ƞ2p = 0.09). The P300 amplitude was lower for nonrejection in comparison to rejection in both groups. This difference was more pronounced in the BG (t(50) = 2.19, P < 0.03, Figure 3 ). The main effect GROUP was nonsignificant (F(1,50) = 0.46, P = 0.50; Table 1 ).
Complementary ERP analyses
We checked the assignment of disgust/anger expressions to the rejection category and happiness/neutral expressions to the nonrejection category by directly comparing the responses to anger versus disgust as well as happiness versus neutral. There were no statistically significant ERP differences in none of the analyzed time windows and clusters. In addition, the introduction of an additional factor POSER GENDER for the facial expressions (male, female) to the analyses of variance produced no statistically significant effects (all Ps > 0.05).
Discussion
This ERP study sought to determine whether a bitter taste is able to change the processing of facial signs of social rejection. We expected that bitterness would enhance parietal late positivity toward rejection expressions and would increase experienced negative affect (especially hostility). The administered bitter substance, wormwood tea, elicited a very disgusting and intense bitter aftertaste, which was present across the whole experiment. The perception of this intense bitterness decreased parietal P200 amplitudes to the presented facial stimuli, irrespective whether they reflected rejection or not. In addition, the bitter aftertaste lowered parietal late positivity (P300) to facial signs of nonrejection, which had been rated as moderately pleasant. Affective facial expressions are salient social signals (Eimer and Holmes 2007) . Enhanced positive voltage deflections (e.g., P200, P300) to emotional faces (in comparison to neutral faces) have been consistently reported (e.g., Holmes 2002, 2007) . This effect has been interpreted to reflect selective attention to stimuli of motivational relevance. Emotional cues in faces (especially when they are threat related) can be extracted very quickly, even at preattentive or unconscious stages of processing (e.g., Olofsson et al. 2008) . This serves to enhance awareness and to prepare behavioral responses toward these affective stimuli. Repeatedly it has been shown that arousal ratings for affective pictures positively correlate with the amplitude of late positivity (e.g., Olofsson et al. 2008; Hajcak et al. 2010) . In line with this, facial expressions of rejection, which had been perceived as more arousing than the neutral/positive expressions, elicited greater P200 and P300 amplitudes in the current experiment.
The aforementioned studies on affective face processing only involved the visual channel (e.g., Holmes 2002, 2007 ). In our cross-modal experiment, additional gustatory background stimulation-the intense and disgusting aftertaste of wormwood-was present during the picture viewing. From an evolutionary perspective, bitterness signals potential danger and health risk (Meyerhof et al. 2005) , and thus, also draws automatic attention. Consequently, attentional resources of the participants had to be distributed across both sensory modalities with motivational relevance. Or in other words, focused attention was (at least partially) withdrawn from the faces and directed to the taste. As a result, the P200 amplitude to facial expressions was lower in the BG relative to the CG. Previous research already showed that distributed multisensory attention leads to reduced P200 amplitudes relative to focused attention involving only one sense (e.g., Mishra and Gazzaley 2012) . The sources of this effect have been localized in occipital extrastriate cortices and in the parietal lobe where this sensory integration takes place (Mishra and Gazzaley 2012) .
In the P300 time window, the presence of an aversive taste increased the differential processing of rejection versus nonrejection with lowered amplitudes to the positive visual cues. This effect occurred in the parietal cluster. It seems that the processing of the aversive gustatory stimulus reduced the attentional resources devoted to the "positive" stimuli. A reduction of late positivity to pleasant affective images (appetizing food) elicited by an aversive wormwood aftertaste had been observed in a previous study (Schwab et al. 2017 ). This effect, however, was restricted to a frontal cluster and therefore rather reflects the alteration of the emotional appraisal of the stimuli. In the mentioned study, additional ERP changes, such as the enhancement of N100 and N200 occurred to bitterness, which indicated increased early attention to the food images. Obviously, the combined presentation of visual and gustatory food cues enhanced their visual processing.
Similar early ERP effects were not present in the current experiment. We also did not find the hypothesized priming of rejection tendencies by bitterness, neither on the neuronal level nor with regard to the self-report. Late positivity to the negative facial expressions was not enhanced by wormwood. The bitter taste did not influence experienced hostility and the affective ratings for the facial expressions. This is contrary to previous research by Sagioglou and Greitemeyer (2014) .
It has to be noted that the present experiment differed in several methodical aspects from the above mentioned investigation. We presented pictures signaling rejection and focused on short-term attentional/affective processes, whereas Sagioglou and Greitemeyer (2014) used behavioral tests that covered a longer period of time. However, these authors reported that the consumption of a bitter beverage was sufficient to increase reported state hostility even without any social provocation. Although the wormwood tea elicited almost maximal bitter perception, we were not able to detect such an effect. Feelings of hostility were not present before and also not after rinsing the mouth with wormwood tea.
